ABSTRACT -This study was conducted to investigate the effects of dietary fats (tallow [TO] or linseed oil [LO]) or conjugated linoleic acid (CLA), singly or in combination, on laying performance, yolk lipids, and fatty acid composition of egg yolks. Three hundred 50-week-old laying hens were given one of five diets containing 2% TO; 1% TO + 1% CLA (TO/CLA); 2% LO; 1% LO + 1% CLA (LO/CLA); and 2% CLA (CLA). Laying performance, egg lipids, and serum parameters were not altered by dietary treatments. Alpha-linolenic acid or long-chain ω-3 fatty acids including eicosapentaenoic and docosahexaenoic acids were elevated in eggs of laying hens fed diets containing LO (i.e., LO or LO/CLA groups) compared with those of hens fed TO-added diets. Dietary CLA, alone or when mixed with different fat sources (i.e., TO or LO), increased the amounts of CLA in egg yolks, being the highest in the CLA-treated group. The supplementation of an equal portion of CLA and LO into the diet of laying hens (i.e., LO/CLA group) increase both CLA and ω-3 fatty acid contents in the chicken eggs.
Introduction
Chicken eggs are one of the most complete foods which contain high crude protein with well-balanced amino acids and substantial levels of vitamins, minerals, and other health-promoting compounds (Yamamoto et al., 1997) . Recently, traditional assumptions that cholesterol from eggs or other food was unhealthy are no longer valid, as no association between egg consumption and the incidence of cardiovascular disease has been reported in recent studies (Zazpe et al., 2011; Miranda et al., 2015) . In addition to the diet-induced decrease in the cholesterol level in egg yolk (Elkin, 2007) , the modification of fatty acid profiles has proven to be a viable tool of producing enhanced eggs for health-conscious consumers (Hargis and Van Elswyk, 1993) .
Conjugated dienoic derivatives of linoleic acid (CLA) are a series of positional and geometric isomers of linoleic acid (Hur et al., 2013a,b; Wang and Lee, 2015) . Conjugated linoleic acid is found predominantly in products from ruminants, including milk, cheese, and beef (Bauman et al., 2000; Wang et al., 2015) . It has been reported (Ip et al., 1999; Yamasaki et al., 2000; Oh et al., 2014 ) that dietary CLA isomers have an anticarcinogenic effect and can modulate immune response with experimental animals. It is well known that foods derived from non-ruminant animals contain much less CLA than those from ruminants. Practically, it is widely accepted that adding CLA to a diet of laying hens can increase CLA contents in egg yolks (Chamruspollert and Sell, 1999; Jones et al., 2000) .
In addition to CLA, consumption of ω-3 fatty acids, i.e., α-linolenic (ALA), eicosapentaenoic (EPA), and docosahexaenoic (DHA) acids, is considered to have healthpromoting effects in humans by lowering cardiovascular and inflammatory diseases (Elkin et al., 2015) . It is well known that adding linseed oil (LO) or full-fat linseed (Phetteplace and Watkins, 1989; Olomu and Baracos, 1991) , fish oil (Scaife et al., 1994) , and fish meal (Hulan et al., 1989) as sources of ω-3 fatty acids to the diet of chickens linearly increase the relative and absolute contents of ω-3 polyunsaturated fatty acids (PUFA).
Thus, it would be of value if dietary origin of both ω-3 PUFA and CLA could be incorporated into the chicken eggs, which prompted us to undertake the current experiment. We used two dietary fats (i.e., beef tallow [TO] and LO) or synthetic CLA, and evaluated their effects, single or in combination, on production traits, egg lipids and qualities, and fatty acid profiles in egg yolks.
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Material and Methods
The protocol for the experiment was approved by the Institutional Animal Care and Use Committee (case no. KU15186).
The experiment was conducted on an experimental farm in Chungju, Chungbuk-do, South Korea (36º38' N, 127º29' E). Three hundred 50-week-old Hy-line Brown laying hens were housed in two-tier batter cages, three birds per cage, equipped with nipples and feeders. They were divided into five dietary treatments with four replicates of 15 birds per replicate (three birds per cage, five cages per replicate) and fed one of the five experimental diets (Table 1) : 2% tallow (TO, Cargill Agri Purina Inc., Korea); 1% TO + 1% CLA (The Rinoru Oil Mills Co. Ltd., Japan) (TO/CLA); 2% linseed oil (LO, Cargill Agri Purina Inc., Korea); 1% linseed oil + 1% CLA (LO/CLA); and 2% CLA (CLA). Ethoxyquin was added into the basal diet to prevent lipid peroxidation. A corn and soybean mealbased diet was used to formulate the experimental diets, and the inclusion levels of fats or CLA (Table 2) , singly or blended, were set at 2% in diet. It was reasoned that higher fat inclusion so far published Raes et al., 2002; Yin et al., 2008 ) is used to increase the treatment contrasts, but is not commonly used in layer diet formulation. All diets were formulated to meet and exceed the nutrient requirements of NRC (1994) . The experiment lasted 28 days, and diets and water were provided for ad libitum intake. A room temperature of 24±3 °C and a photoperiod of 16/8 h light/dark cycle were maintained throughout the experimental period. The experimental diets were daily provided and feed intakes per replicate were weekly recorded.
Eggs laid per replicate were recorded daily and mean egg weight per replicate was determined. Abnormal eggs (i.e., shell-less) were discarded from the measurement. At the end of feeding trial, five eggs from each replicate were randomly selected, weighed individually and stored overnight at room temperature for egg quality measurements. The breaking strength of intact eggs was measured with an eggshell strength tester (FHK, Fujihara Ltd., Tokyo, Japan). Eggshell thickness without shell membrane was tested by micrometer (Digimatic micrometer, Series 293-330, Mitutoyo, Japan). Albumen height were measured by using egg multi tester made by TSS (Technical Services and Supplies Ltd., York, England), and egg yolk color was measured using Roche yolk color fan (Hoffman-La Roche Ltd., Basel, Switzerland). Haugh unit was calculated from egg weight and albumen height as indicated by Haugh (1937) .
Six eggs per treatment close to mean egg weight were sampled at the end of the feeding trial. The contents of lipid fraction in the egg yolk were separated by thin layer chromatography on silica gel chromatorods using hexane: diethylether:formic acid (85:15:0.1; vol:vol) as developing solvents, and quantified by IATRO SCAN (TH-10 TLC/ FID analyzer, Iatron Laboratory Inc, Tokyo, Japan), with hydrogen as gas flow .
At the end of experiment, 10 birds per treatment were randomly selected, weighed, and killed by cervical dislocation. Immediately after euthanasia, blood was obtained by heart puncture. Then, liver was excised, weighed, and expressed as relative to live body weight. Serum samples were obtained by gentle centrifugation and stored at −20 °C until use. The activities of serum glutamic oxaloacetic transaminase and glutamic pyruvic transaminase were measured according to the colorimetric method as previously described (An et al., 2003) .
To determine weekly pattern of fatty acid composition of egg yolks, six eggs per treatment close to mean egg weight were sampled weekly for four weeks of the experiment. The total lipids were extracted from egg yolks using chloroform/methanol (2:1, v/v) as described by Folch et al. (1957) and Wang et al. (2013) . Extracted lipids were methylated according to the methods of Takenoyama et al. (1999) with minor modification. In brief, about 3 mL of sample was transesterified to fatty acid methyl esters in benzene using 0.5 M KOH/methanol for 10 min at 100 °C. After cooling, the turbid preparation was neutralized with HCl/methanol and then reheated. Fatty acid methyl esters were extracted with hexane and measured by gas-liquid chromatography (HP 5890 II Series, Hewlett-Packard, Atlanta, USA) using 0.32 mm I.D. × 60 m capillary column (SUPELCOWAX-10, Supelco Ltd., Pennsylvania, USA). The initial column temperature was initially programmed at 170 °C and increased to 220 °C by 2 °C/min. The injector and detector were set at 250 and 260 °C, respectively. The peaks were identified by comparing with standard mixture of fatty acid methyl esters (Lipid standard and Linoleic acid methyl ester, cis/trans-isomers, Sigma Ltd., St. Louis, USA). Identified fatty acids were expressed as a percentage of total fatty acids (Nile and Park, 2013) .
Replicate was considered an experimental unit. Data were analyzed by the GLM procedure of the SAS (Statistical Analysis System, version 9.4). The significant differences of obtained means were determined using Duncan's multiple range test at the level of P<0.05.
Results
All parameters, i.e., laying performance, egg quality, egg yolk lipids, and blood components except for the fatty acid composition in egg yolks were not affected (P>0.05) by dietary treatments (Tables 3, 4 , and 5).
In general, fatty acid composition of egg yolk was readily altered at one week of feeding the experimental diets and kept constant thereafter (Tables 6 and 7) . Oleic acid was the predominant fatty acid in egg yolks in all treated groups, being higher in the TO and TO/CLA than in the LO, LO/CLA, and CLA-treated groups during the whole period of experiment. The CLA isomers in egg yolks appeared earlier at one week of feeding CLA-added diets (Table 6 ). The CLA in combination with either TO or LO was equally incorporated into the egg yolks, but to a lesser extent (P<0.05) compared with the CLA-treated group. No CLA isomers were detected in egg yolk from layers fed the diet devoid of CLA during the experimental period. Dietary LO alone or in combination with CLA increased the ALA content in egg yolks, but the concentration was higher (P<0.05) in the former than in the latter. Consequently, the levels of total ω-3 and ω-3:ω-6 ratio were higher (P<0.05) by LO supplementation compared with the TO or TO/CLA supplementations. The EPA and DHA levels were highest in the LO followed by the LO/CLA-treated group. Total saturated fatty acid (SFA) was higher (P<0.05) in the LO and LO/CLA compared with the TO or TO/CLA-treated groups. On the other hand, total monounsaturated fatty acid (MUFA) was higher in the TO and TO/CLA-treated groups compared with the groups receiving LO, LO/CLA, and CLA. Total SFA and total MUFA contents in egg yolks were altered at one week of feeding the experimental diets and kept thereafter. On the other hand, total polyunsaturated fatty acid (PUFA) contents in egg yolks took longer to be altered BW -body weight; GOT -glutamic oxaloacetic transaminase; GPT -glutamic pyruvic transaminase. TO: 2% tallow in diet; TO/CLA: 1% tallow and 1% CLA in diet; LO: 2% linseed oil in diet; LO/CLA: 1% linseed oil and 1% CLA in diet; CLA: 2% CLA in diet. 1 Values are expressed as mean ± standard error (n = 4/treatment for feed intake, egg production, egg weight, and daily egg mass; n = 10/treatment for liver weight, GOT, and GPT).
and was elevated (P<0.05) in the egg yolks of the LO and LO/CLA-treated groups compared with the ones receiving TO, TO/CLA and CLA only at 28 days.
Discussion
The current experiment was performed without problem, and no mortality was recorded during the experimental period. No feed refusal was noted. In this study, we used 50-week-old laying hens. It should be pointed out that age per se of laying hens affected egg weight and/or fatty acid composition of egg yolks (Nielsen, 1998) .
The lack of effect on the parameters such as laying performance, egg quality, egg yolk lipids, and blood components could be due to our experimental design, in which all diets had equal contents of energy and essential amino acids and low inclusion fat/CLA levels. In line with our finding, Cherian et al. (2007) observed no differences in eggshell weight, yolk weight, and Haugh unit in laying hens fed diets containing CLA or fish oil. In addition, Yin et al. (2008) failed to observe the cholesterol lowering effect of CLA in laying hens, which corroborates our finding. The observation that glutamic oxaloacetic transaminase levels in serum samples did not differ across the treatments TO: 2% tallow in diet; TO/CLA: 1% tallow and 1% CLA in diet; LO: 2% linseed oil in diet; LO/CLA: 1% linseed oil and 1% CLA in diet; CLA: 2% CLA in diet. 1 Values are expressed as mean ± standard error (n = 6 for each diet). TO: 2% tallow in diet; TO/CLA: 1% tallow and 1% CLA in diet; LO: 2% linseed oil in diet; LO/CLA: 1% linseed oil and 1% CLA in diet; CLA: 2% CLA in diet. SFA -saturated fatty acids; MUFA -monounsaturated fatty acids; PUFA -polyunsaturated fatty acids; ND -not detected. 1 Mean ± standard error (n = 6/treatment). 2 Number of carbon atom: number of double bonds, followed by the position of the first double bond relative to the methyl end. a-d -Mean values in a row with different letters are significantly different (P<0.05).
indicates the absence of negative dietary effects in laying hens. Our study clearly shows that diet-origin CLA or ω-3 fatty acids, alone or in combination, were readily and efficiently transferred into egg yolk, which well corroborates previous reports (Chamruspollert and Sell, 1999; Du et al., 1999; Fraeye et al., 2012) . It is well known that dietary intake of ω-3 PUFA is effective in lowering blood lipids, inflammatory disease, and the risk of cardiac disease (Grundy and Denke, 1990) . The nutritionally valuable ω-3 PUFA are of ALA, EPA, and DHA. The main ω-3 fatty acid of vegetable origin is ALA, but both EPA and DHA are rich in marine oils. Indeed, it has been reported that dietary ω-3 fatty acid sources, such as linseed oil and full-fat linseed (Phetteplace and Watkins, 1989; Olomu and Baracos, 1991) , fish oil (Scaife et al., 1994) , and fish meal (Hulan et al., 1989) , can produce ω-3 PUFA enriched eggs in laying hens. In this study, we used ALA-rich LO to enrich the amounts of ω-3 PUFA in eggs since ALA is the precursor of EPA and DHA. The conversion of dietary ALA into EPA and DHA is inefficient (Beynen, 2004) , but dietary LO vs. TO significantly enriched ALA, EPA, and DHA in eggs compared with the LO-free diets-fed groups. This could contribute to partially fulfill the daily DHA requirement of humans by consuming such eggs. This is considered important, as modern diets consumed by humans are low in ω-3 PUFA but high in ω-6 PUFA due to increasing intake of vegetable oils that are relatively high in ω-6 fatty acids. It is well established from the clinical studies that the higher ratio of ω-6:ω-3 fatty acids due to higher intake of ω-6 fatty acids, but lower intake of ω-3 fatty acids, is closely associated with promoting the pathogenesis of diseases such as cardiovascular disease, cancer, and inflammatory and autoimmune diseases (Jeong et al., 2014) . It can be argued that ω-3 PUFA-enriched eggs may be susceptible to lipid oxidation and become rancid. However, this phenomenon is less likely as the basal diet contained sufficient amounts of antioxidants (vitamin E, vitamin C, and ethoxyquin) . It has been reported that ω-3 PUFA in enriched eggs was stable during storage in the presence of antioxidants (Ren et al., 2013; Lamas et al., 2016) .
In addition, we confirmed that dietary CLA was incorporated into the egg yolks (Chamruspollert and Sell, 1999; Jones et al., 2000; Du and Ahn, 2002) and increased SFA but reduced MUFA in egg yolks (Du and Ahn, 2002) . The CLA-induced effect on fatty acid profile was more pronounced when dietary LO vs. TO was used. In contrast to previous findings (Grobas et al., 2001; Celebi and Macit, 2009) , dietary LO vs. TO significantly increased SFA contents but reduced MUFA in egg yolks, which would negatively impact human health. The clear explanation on the conflicting results is not readily available at this stage, which awaits to be answered. Although SFA consumption is recommended to be restricted, the association between SFA consumption and the risk of cardiovascular disease is still under controversy (Nettleton et al., 2016) .
Conclusions
Dietary linseed oil or conjugated linoleic acid at the level of 1% in layer diet enhances the incorporation of the respective fatty acids into egg yolks, and a mixture of linseed oil and conjugated linoleic acid added to the diet of laying hens equally increase both ω-3 fatty acids and conjugated linoleic acid in the egg yolks. Thus, feeding layers dietary sources of conjugated linoleic acid in combination with linseed oil can be considered an effective way to enrich beneficial conjugated linoleic acid and ω-3 polyunsaturated fatty acids in eggs.
